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一、利用不同方法制备纳米 TiO2、CdS 和 CdSe 电极，并研究它们的光电化学性能。 




（2）利用电化学方法制备纳米 CdS 电极，实验发现，“I=-1mA, Δt=1s, t=10min”















（3）利用电化学方法制备纳米 CdSe 电极，光电化学实验发现，恒电位-0.85V(Vs.SCE) 




利用纳米半导体电极 TiO2/ITO 和 CdS/ITO 作为光电极，将 Nafion 型的氧化还原聚
合物作为固体空穴传输材料，构成了 ITO/TiO2/Nafion[Ru(bpy)32+,PEG]/Au 、










浓度后光电转换性能基本稳定；在 CdS/ITO 电极和氧化还原聚合物之间涂一层 TiO2 薄
膜 可 以 提 高 固 态 光 伏 电 池 的 光 电 转 换 性 能 。 目 前 ，
ITO/CdS/TiO2/Nafion[Ru(phen)32+,PEG]/Au 固态光伏电池的最大 IPCE 可以达到 78%，白
光（光强为 200mW/cm2）下的光电转换效率可以达到 0.02%，400nm（光强为 220μW/cm2）
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Energy and environment are indispensable for the living and development of our human 
being. Energy shortage, environmental pollution and ecosystem deterioration have been 
global problem. So human being must seek clean energy with sufficient reserves. Great 
progress has been made in the use of solar energy after the oil crisis in the seventies of 20th 
century. As one kind of reproductive energy, solar energy has many merits compared with 
other energy. Solar cells are portable, with simple framework and can convert solar energy 
directly into electricity. Therefore, the researches of solar cells have received more and more 
attention. At present, traditional solar cells are applied to spaceflight etc. due to high cost 
though they have high energy conversion efficiency. The energy conversion efficiency of 
organic solar cells are comparably poor. Dye-sensitized solar cells can obtain comparably 
high energy conversion efficiency, but they also face the problem of high cost, dye 
degradation and poor long-term stability. The researches of solar cells have been focused on 
cost reduction, increasing efficiency and long-term stability.  
This thesis focuses on the fabrication of solid solar cells based on nano-structured 
semiconductor electrode and redox polymer. The works can be divided into three parts: (1) 
The preparation of nano-structured TiO2, CdS and CdSe electrodes with different methods; (2) 
Fabrication of novel solid solar cells by using the nano-structured semiconductor electrodes as 
the photo electrodes and the redox polymers as the solid electrolytes. Their photovoltaic 
properties were studied. (3) Increasing the energy conversion efficiency by improving all 
parts of the solar cells. The following text is the details: 
 
1. Nano-structured TiO2, CdS and CdSe electrodes were prepared with different methods, and 















(1) Nano-structured TiO2 electrodes were prepared with the methods of spread, 
electrodeposition and sol-gel. Their photoelectrochemistry experiments were carried out in 
0.2mol/L Na2SO4 solution. Experimental results show that nano-crystalline TiO2 electrodes 
have special photoelectrochemical response—the photocrrent-potential curves appear peaks. 
The special photoelectrochemical behaviors of nano-structured TiO2 electrodes are ascribed to 
the existence of nano-particles in TiO2 electrodes and special light induced redox reaction 
mechanism for nano-structured semiconductor electrodes.  
(2) The nano-structured CdS electrodes were prepared by electrochemical methods. 
Their photoelectrochemical response was studied. From the experiments, we find out the 
nano-structured CdS electrode prepared by cathodic impulse under the condition of “I=-1mA, 
Δt=1s, t=10min” had the strongest photoelectrochemical response.  
(3) The nano-structured CdSe electrodes were prepared by electrochemical methods. 
Their photoelectrochemical response was studied. The nano-structured CdSe electrode 
prepared by potentiostat at –0.85V (Vs. SCE) for 200s had the strongest photoelectrochemical 
response.  
 
2. Fabrication of novel solid solar cells by using the nano-structured semiconductor electrodes 
as the photo electrodes and the redox polymers as the solid hole transporting materials. Their 
photovoltaic properties were studied. 
The ITO/TiO2/Nafion[Ru(bpy)32+,PEG]/Au 、ITO/CdS/Nafion[Ru(bpy)32+,PEG]/Au、
ITO/CdS/Nafion[Fe(bpy)32+,PEG]/Au and ITO/CdS/Nafion[Ru(phen)32+,PEG]/Au solid solar 
cells were fabricated by using the nano-structured TiO2/ITOand CdS/ITO electrodes as the 
photo electrodes and the redox polymers as the solid hole transporting materials. Their 
photovoltaic performances were studied. The energy bands of the TiO2 and CdS match the 
redox species in the redox polymers properly, so a rather high open circuit photovoltage can 
be achieved. When TiO2 was used, the efficiency of photoelectric conversion is low, maybe 
due to poor absorption of the incident light by TiO2. Using CdS, a higher photoelectric 
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V 
3. Increasing the energy conversion efficiency by improving all parts of the solar cells.  
We tried to improve the performances of the solid solar cells by improving the parts of 
the cells such as the absorption of nano-structured semiconductor electrodes, performances of 
electrode interfaces and the concentration of redox sites in the redox polymer. Experimental 
results showed that the performances were better as the increase of the concentration of redox 
sites. And we found the optimum concentration of redox sites. We also found that the 
performances of the solar cells would be improved when spreaded a thin TiO2 film between 
the CdS/ITO electrode and the redox polymer. At present, the maximum IPCE of 
ITO/CdS/TiO2/Nafion[Ru(phen)32+,PEG]/Au solid solar cells reached 78%. The energy 
conversion efficiency reached 0.02% (with light intensity of 200mW/cm2). The 
monochromatic power efficiency of 4% at 400nm (with light intensity of 220μW/cm2) was 
achieved, which is close to the organic photovoltaic cell using derivant of polystyrene.  
 











































  1954 年，BELL 实验室首次制成了实用的硅太阳能电池，揭开了太阳能电池实用的序
幕。刚问世的太阳能电池的转换效率达到 6%。1958 年美国卫星“先锋一号”上用太阳
能电池作能源，这是太阳能电池的重大突破。20 世纪 70 年代，用于宇宙飞船的太阳能
硅太阳能电池光电转换效率已经超过了 25%。之后出现的半导体太阳能电池使用了 Si、
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